HSAG is a family of genetic elements capable of eliciting, in transfected cells, a cellular surface antigen which is correlated with human chronic lymphocytic leukemia (CLL). Its prototype member, HSAG-1, was cloned as a 3.4 kb insert and contains numerous Alu-related elements, including its left hand 1.4 kb antigen-eliciting end. These elements are present in mammalian cells with copy numbers varying from 7,000 to 200,000 per haploid genome, depending on how closely their sequence conforms to the Alu consensus sequence. They are present in the configuration found in HSAG-1, a 3.4 kb EcoRI fragment which is part of a larger unit of at least 12.7 kb, at a frequency of 20-50 per haploid genome, and dispersed around the genome. A second family member, HSAG-2, isolated using a functional assay, was cloned as a 9.5 kb insert and contained a 1.5 kb antigen-eliciting left hand end. As in HSAG-1, the antigen-eliciting portion of the insert also contained Alu-like elements, unlike most of the remainder of the insert.
INTRODUCTION
HSAG is defined as a family of genetic elements which are capable of eliciting in transfected cells a cellular surface antigen defined by a monoclonal antibody. This antibody was shown to react with the surface of a very limited range of human leukemia cells including cells from peripheral blood and bone marrow of CLL patients, but not with any of the normal cells tested (1) . HSAG-1, the prototype member, was cloned from HCH-1, a CLL-CHO hybrid cell, by the isolation of clones containing human-specific reiterated sequences from a portion of a genomic library of HCH-1 capable of producing antigen after transfection of L-strain mouse cells (2) . The structure of HSAG-1, derived from functional studies coupled with determination of its nucleotide sequence, was shown to consist of numerous Alu-related sequences, ' IRL Press Limited, Oxford, England. both in its right hand end, which contained Alu sequences quite closely related to CHO and human Alu consensus sequences, and in its 1.4 kb antigen-eliciting left hand end which contained highly diverged Alu-like sequences (3) .
The copy number of functional HSAG elements was first estimated during the cloning of HSAG-1 and HSAG-2 to be 100 to 1000 per haploid genome (2) , while preliminary estimates of the copy number of elements with nucleotide sequence homology to the antigen-eliciting portion of HSAG-1 were in the thousands in both CLL cell and CHO cell genomes (4) . As 80% of a number of these HSAG-1 homologous clones isolated from a CLL genomic library were shown to be functional, i.e. capable of eliciting antigen in short term or stable transfection of LTK" cells, the copy number of HSAG elements with functional potential must also be in the thousands per genome (4) .
These unusual attributes of the HSAG family naturally raise the question of mechanism. Could all these HSAG family members code directly for the same or a set of antigenically related proteins, or do they all operate by an indirect mechanism, e.g. induce transfected cells to express the same host gene? To distinguish between these alternatives, we have first examined the genetic similarities between various members of the HSAG functional family. In this paper we report these similarities in genomic DNA and in cloned examples of the HSAG family as detected by nucleic acid hybridization. Our results show that the only similarity between the family members which could be detected was the presence of clusters of Alu-like elements in functional fragments of a critical length.
MATERIALS AND METHODS Cell Lines
HCH-1 is the human CLL-Chinese hamster cell line previously described by Stanners et al. (2) . LR-73 is the ts_ revertant of L-73, a CHO line with flat morphology and more normal growth control characteristics derived from ts HI (5). HSAG Clones and Subciones HSAG-1 and HSAG-2 were isolated from a library of EcoRI fragments of HCH-1 genomic DNA cloned in xgt WES (2) . pHSAG-1 is the 3.4 kb insert of HSAG-1 and pHSAG-2 the 9.5 kb insert of HSAG-2 cloned into the EcoRI site of pBR322. pHSAG-1 (Rl-PstI) contains the left hand 1.23 kb EcoRI-PstI fragment of HSAG-1 ( Fig. 1 ) subcloned in pBR322, and pRBHSAG-2 contains the left hand 1.7 kb EcoRI-BamHI fragment of HSAG-2 subcloned in pBR322. H-2, H-3, H-4 (HSAG-4), H-5 (HSAG-5), H-6 and H-12 were isolated from a library of partially digested EcoRI fragments of human CLL genomic DNA cloned into xgtWES, and were shown previously to be capable of eliciting antigen in transfected L cells (4) .
Hybridization Probes
M13 subclones of pHSAG-1 obtained to determine the nucleotide sequence of HSAG-1 (3) were used in the preparation of probes. Standard probes were prepared by an adaptation of the method of Messing (6) . Ten (10) ng of hybridization probe primer (New England Biolabs) was first annealed to 50-100 ng of single-stranded M13 subclone DNA. The strand complementary to the M13 sequence was then synthesized by addition of 40 y Ci [ a -
32 P]dATP (3 000 Ci per mmol, Amersham or New England Nuclear), cold dATP (final concentration 1.3 yM), dGTP, dCTP, TTP (final concentration 50 uM each) and 0.8 units of DNA polymerase I Klenow fragment. After 2 hr incubation at room temperature, the reaction was stopped by addition of EDTA. Routinely 60-80% of the radioactivity added was found to be incorporated into the probe and 2-7xl0 7 cpm were used for hybridization with each blot. These probes were stored at -20°C and not denatured prior to use. A large excess of unlabelled M13 single-stranded DNA was required in hybridizations to reduce background to acceptable levels.
Alternatively, M13 probes such as used for SI mapping (7) were prepared. Briefly, the sequencing primer (New England Biolabs) was annealed to single-stranded M13 subclone DNA and the strand complementary to the insert was synthesized with [a-32 P]dATP and unlabelled nucleotides using the Klenow fragment of DNA polymerase I. After a chase incubation with unlabelled dATP, the double-stranded DNA was digested with a restriction enzyme which cut once at the end of the insert, heat denatured, and the single-stranded labelled M13 probe fragment purified by electrophoresis on a denaturing 5% acrylamide, 8 M urea gel. After autoradiography, the specific band corresponding to the fragment was excised, the DNA eluted, precipitated with ethanol and resuspended in 20 roM Tris-HCl, 10 M NaCl, 0.1 nM EDTA (pH 7.5). Typically 0.3-2x106 cpm was used for Southern blots, and backgrounds were low without special measures.
DNA probes were also prepared by nick-translation (8) of pHSAG-1 and pHSAG-l(RI-Pstl). DNA markers were end-labelled by filling in the singlestranded ends of restriction fragments using [a-32 P]dATP or appropriate radiolabelled nucleotide and the Klenow fragment of DNA poll (9).
Southern Blot Analysis
For blots with copy number calibration, DNA was digested with the appropriate restriction enzymes, subjected to electrophoresis on a 1% agarose gel, and transferred to Gene Screen Plus (New England Nuclear) according to manufacturer's recommendations. Small DNA fragments (100-1000 bp) from Sau3A digests were resolved on a 1.5 mm thick 5% acrylamide gel run in lxTBE (89 nM Tris-borate, 2 nM EDTA) and electrophoretically transferred to Gene Screen Plus in lxTBE buffer at 4°C using the BioRad Transblot apparatus at 10 V (low current setting) for 2 hr and at 40 V for a further 1.5 hr.
Gene Screen Plus blots were hybridized for 15-18 hr at 42°C in 30% or 50% formamide, 1 M NaCl, lx Denhardts, 1% SDS, 10% dextran sulfate, heterologous DNA (10-20 u g per ml single-stranded M13 DNA for calibrated blots or 100-200 yg per ml denatured salmon testes DNA for others) and the appropriate probe. Calibrated blots were washed at a final stringency of 2xSSC, 1% SDS at 65°C for 30 min, while the blots with the CLL HSAG clone DNA had a final wash of 0.5xSSC, 1% SDS at room temperature for 10 min.
Blots or plaque lifts on nitrocellulose (Schleicher and Schuell, BA85) were prepared according to standard procedures (9, 10) and hybridized at 42°C in 30, 45 or 50% formamide (depending on stringency required), 5xSSPE, lx Denhardts, 0.1% SDS, 10% dextran sulfate, 100-200 yg per ml denatured salmon testes DNA and the appropriate probe. Wash conditions for each blot are specified in the figure legends. Filters were sealed in plastic bags, and exposed wet to X-ray film at -70°C with intensifying screens.
RESULTS

Genomic Organization of HSAG-l-1ike Sequences
The structure of the 3.37 kb EcoRI insert of HSAG-1, deduced from its complete nucleotide sequence, revealed the presence of at least 12 Alu-related repetitive sequences (3) . These are shown in Figure 1 as blackened areas along the restriction map of HSAG-1. Those at the right hand end, included in the subcloned fragments SS120 and SS218, were responsible for the original isolation of the clone by hybridization with labelled total human genomic DNA and are at least 80% homologous with the human or CHO type 1 Alu consensus sequence or with the CHO type 2 Alu consensus sequence (3) . The rest of the Alu-like sequences, including those in the antigen-determining 1.44 kb end, were found to contain numerous deletions, substitutions and additions, enough to prevent much hybridization with labelled total genomic DNA (3). used as a hybridization probe on electophoretically-separated EcoRI-digested genomic DNA from HCH-1, the CLL-CHO hybrid cell from which HSAG-1 was derived, a band at approximately the same size as the HSAG-1 insert (3.7 kb) was obtained on short film exposure, together with a smear on longer exposure (Fig. 2) . The band had the same basic restriction map as the HSAG-1 insert, as EcoRI-digested HCH-1 DNA digested further with Xbal, Bglll, Hindi II, PstI or SstI and subjected to Southern analysis, showed similar bands to the HSAG-1 insert (data not shown). A consistent slightly lower migration rate of the genomic DNA fragments relative to the cloned HSAG-1 fragments was observed (Figs, 2,3,4). We suggest that this could be due to differences in secondary modifications of the DNA, such as methylation. Using Southern blots calibrated with known amounts of EcoRI-digested HSAG-1 (Figs. 2 and 4), the copy number of this band was estimated to be 20-50 copies per haploid genome. The question as to whether these multiple copies are located as tandem head to tail repeats in one position in the genome or as single copies scattered around the genome was approached by Southern blot analysis of genomic DNA digested with restriction enzymes recognizing a single site within HSAG-1. If a single band is obtained of the size of the repeat unit (if known) this can be taken as evidence for a tandem array. Two single cutters of HSAG-1 were used: Hindlll at 414bp at the left end of the HS271 fragment ( P end-labelled xHindlll markers (lane 2) and 1, 10, 100 and 1,000 copy equivalents (per 20 yg genomic DNA) of EcoRI digested pHSAG-l DNA (lanes 3-6 respectively) were fractionated by electrophoresis on a 1% agarose gel and transferred to Gene Screen Plus. The blot was hybridized in 50% formamide with nick-translated pHSAG(RI-Pstl) as described in Materials and Methods in the presence of a 5-fold mass excess of Sau3A digested, denatured pBR322 as competitor of non-insert sequences. This did not, however, completely prevent the labelling of the 4.4 kb pBR322 band. Panels a) and b) are the autoradiograms obtained after a 4 hr and 30 hr exposure, respectively.
SstI at 1317bp at the right end of the PP100 Fragment (Figs. 1 and 5 ). The results (Fig. 3) obtained with LR-73 DNA digested with SstI and Hindlll, and probed with HSAG-1 fragments SS330 and ST400 (Fig. 1) , show identical single P end-labelled xHindlll markers and 20 pg each of EcoRI digested HCH-1 and LR-73 DNA were subjected to electrophoresis on 1% agarose gels. The DNA was transferred to Gene Screen Plus and hybridized with the strand specific M13 probes diagramed in the upper left hand corner of each blot (see also Fig. 1 ). The solid black areas indicate repetitive sequences. At the upper left is a control blot with PstI digested pOCT for calibration, probed with a pOCT cDNA subclone, where OCT (ornithine carbamyl transferase) is a single copy rodent gene (15) . The hybridization was carried out in 50% formamide, 5% dextran sulfate, 1 M NaCl, 1% SDS, 2x Denhardt's solution at 42°C with 150 v q of single-stranded unlabelled M13 DNA to reduce background, and the final washes were with 2xSSC, 1.0% SDS at 65°C. with no cutters Kpnl (Fig. 3, lane 1) , Hindll, BamHI, and Clal (data not shown), however, which show a smear rather than a sharp band near the top of the gel, favour the dispersed model. Our results therefore support the view that HSAG-1 is part of a repeat unit of at least 12.7 kb which is repeated 20-50 times per haploid genome and that these copies are dispersed around the genome.
As for the smear observed on long exposure in Figure 2 , this is presumably due to the presence of the more repetitive elements of the EcoRI to PstI fragment of HSAG-1 in EcoRI fragments of variable size in the genomic b Single stranded M13 probe fragments were made from each HSAG-1 subclone indicated (see Fig. 1 ), as described in Materials and Methods.
c The percentage of recombinant plaques labelled by hybridization with the indicated probe, using 50% formamide at 42°C for 21 hr for the hybridization and 2xSSC, 0.1% SDS at 65°C for the final wash. ** Copy number was estimated according to the most probable number method (14) using the formula P = e"" 1 , with P as the ratio of negative plaques to positive plaques and m as the mean number of HSAG-1 like sequences per recombinant plaque. The mean number was then multiplied by 3x10 , the number of 10 kb pieces of DNA in a mammalian genome of 3x10 kb.
e The standard error of 2-3 determinations of the % positive plaques.
DNA. This contention was tested directly by Southern analysis of EcoRIdigested genomic DNA probed with various subcloned fragments of HSAG-1. The results, using both genomic DNA from the hybrid cell HCH-1 and its CHO parent LR-73, and probes representative of various parts of the entire HSAG-1 insert, are shown in Figure 4 . Generally speaking, probes which included recognizable Alu-like sequences gave smears of intensity directly related to the degree of homology between these sequences and to the Alu consensus sequences, i.e. the smear obtained with probes SS120 + SS218 which contained the right hand elements, was much more intense than that obtained with probes SS77 + SS25 which contained a portion of an Alu-like element in the antigen-determining left hand portion of HSAG-1. Probes from portions of HSAG-1 which did not contain these elements, such as SS330, tended to give the 3.7 kb band only (Figs. 3 and 4 ). Figure 6 . Fluorescence distributions for LR-73 cells exposed to various DNA fragments from HSAG-2 and stained with antibody from hybridoma H-37. pHSAG-2 DNA was digested with various restriction enzymes and the fragments separated by electrophoresis on 1% agarose (Seakem HGTP) gels. Appropriate fragments detected by staining with ethidium bromide were then electroeluted from excised gel fragments, filtered through 0.45 iM Millipore filters to remove any agarose gel, precipitated with ethanol, and resuspended in O.lxTE buffer (9) . An amount of each fragment derived from 400 ng of the whole pHSAG-2 plasmid along with 10 v g LR-73 DNA was added to each of two 100 mm plastic tissue culture dishes containing cultures of LR-73 cells by the calcium phosphate precipitation method. Two days later the cultures were removed from the plates by trypsinization and the cells assessed for surface antigen reactive with monoclonal antibody using the flow cytometer as described in Stanners et ai. (2) . Abbreviations: RI, EcoRI; Sst, SstI; Bgl, Bglll; Xba, Xbal; Bam, BamHI.
In order to obtain a more accurate measure of the frequency of the various Alu-like elements in the mammalian genome, a library of genomic fragments of LR-73 in a x bacteriophage vector was prepared and the proportion of clones which reacted with various portions of HSAG-1 was determined. A summary of the results is shown in Table 1 . The frequency of the Alu-like elements varied from 100,000 to 200,000 per haploid genome for the "consensus" elements at the right hand end of the HSAG-1 insert to about 7,000 for one of the elements in the left hand antigen-eliciting portion.
These results support the view that HSAG-1 consists of a cluster of I.
-I" Alu-like elements which themselves are repeated with variable but high frequency in the genome and which are organized in the HSAG-1 configuration with the lower frequency of 20-50 per haploid genome. It should also be pointed out that similar results were obtained for both the HCH-1 and LR-73 genomes (Fig. 4) , which is consistent with our previous suggestion that HSAG-1 is possibly a modified (activated?) CHO element (3), where the putative modification was a gene recombination or conversion event which had little effect on the overall configuration of the element.
Cloned HSAG Family Members
It was important to compare with HSAG-1 the structure of other cloned members of the HSAG family, where the family is defined as the set of genomic fragments capable of eliciting antigen. HSAG-2 was obtained, like HSAG-1, from a library of the hybrid cell, HCH-1, by hybridization with labelled total human genomic DNA, coupled with a demonstration of relatively weak antigen-inducing activity (2) . Its basic structure is shown in Figure 5 . HSAG-2 has an insert of 9.5 kb, in which the human-like Alu elements were again at the far right end in two separate fragments, and the antigen-eliciting portion was again at the far left hand end. A number of fragments were tested for their ability to elicit antigen by transfection of LR-73 or LTK" cells using a short term assay or a long terra stable assay involving selection of transfectioncompetent cells with cloned Herpes virus thymidine kinase (TK) gene. In both cases the entire transfected culture was tested for surface antigen by application of a flow microfluorimeter after staining with monoclonal antibody 37 (2). The results for short term transfection of LR-73 cells for some of the fragments tested are shown in Figure 6 . Only the left hand EcoRI to Xbal 1.5 kb fragment of HSAG-2 was positive, and the extent of its effect was similar to that produced by the antigen-determining fragment of HSAG-1. The nature of these fluorescent shifts and what they imply regarding the percentage of affected cells has been discussed previously (3).
HSAG-2 was next examined for the presence of Alu-like elements of both the consensus and diverged type by Southern blot analysis using appropriate probes from HSAG-1. HSAG-2 was digested with EcoRI, PstI and SstI to give the fragments predicted from Figure 5 and shown in the ethidium bromide (EtBr) staining pattern in Figure 7 . These were transferred to nitrocellulose in triplicate and hybridized with SS12O, representative of consensus Alu elements, and HS271 and PP264 representative of different diverged Alu elements. All the probes labelled two fragments derived from the far right end (lanes 1, dark bands); SS120 and PP264 also labelled the 824 bp SstI to PstI fragment (lanes 2, and lanes 1 middle band) from the antigen-determining left hand end (although less strongly). No labelling of the large 4.7 kb SstI fragment (white arrowhead) representing the middle of HSAG-2 was observed with any of the probes however (Fig. 7) , even after prolonged film exposure (data not shown). These results thus show that, aside from the far right hand end of HSAG-2, the only region of HSAG-2 which contains Alu-like elements is its antigen-eliciting portion. These Alu-like elements have recently been shown to be of the diverged rather than consensus variety by direct nucleotide sequencing (Beitel et al., in preparation).
A number of HSAG family members have been cloned from a library of partially EcoRI-digested genomic fragments of human chronic lymphocytic leukemia (CLL) DNA (4). These clones were selected for their hybridization both with the EcoRI to Xbal antigen-eliciting fragment of HSAG-1 and with the Xbal to Xbal mid portion of HSAG-1, and were all capable of eliciting antigen , and 32p endlabelled A-Hindlll-EcoRI and pBR322-Sau3A-PstI-HindIII-TaqI marker digests were separated by eiectrophoresis on replicate 5% acrylamide gels and electrophoretically transferred to Gene Screen Plus. At top left is a photograph of an ethidium bromide-stained gel. The blots were hybridized with the indicated probes derived from HSAG-1: HS271, PS460 and SS120, in 30% formamide at 42°C with a final wash of 2xSSC, 1% SDS at 25°C.
to the CLL-derived family members, HSAG-4 and HSAG-5, except perhaps for a propensity for PstI and SstI sites. Even the HSAG-1 vs HSAG-2 similarities are misleading as nucleotide sequence comparisons between them show no further similarities near the common restriction sites (Beitel et al., in preparation). Thus there is no extended nucleotide sequence similarity which can be revealed by restriction mapping between these family members, contrary to expectations arising from the fact that they are all capable of eliciting production of the same antigen in transfected L cells (4) . In fact the nucleotide sequence similarity between these new CLL-derived HSAG family members and HSAG-1 which was responsible for their isolation pertains only to the Alu-like elements in HSAG-1, as they hybridize only to fragments of HSAG-1 containing these elements. Figure 8 shows the hybridization observed with EcoRI fragments from these clones with HSAG-1 probes HS271 and PS46O containing Alu-like elements, and the absence of hybridization with probes SS33O and SS116 + PP1OO which lack them or have only small Alu-like fragments. The frequency of Alu-like elements in the CLL-derived HSAG family members was assessed by digesting them with Sau3A, which produced a larger number of relatively small fragments, and hybridizing these fragments with probes from HSAG-1 containing Alu-like elements. The results, shown in Figure 10 , demonstrate that for most of the new clones multiple bands were labelled with at least one of the probes. Thus the new family members, like HSAG-1 and the antigen-eliciting portion of HSAG-2, contain clusters of Alu-like elements and, again, this is the only similarity between them.
DISCUSSION
In this paper we demonstrate that the functional HSAG family consists of clusters of Alu-related repetitive elements which are present in mammalian genomes at frequencies of tens of thousands per haploid genome and which are organized into clustered functional arrays with a lower repeat frequency. From analysis of the nucleotide sequences of these elements in the antigendetermining portion of HSAG-1, they usually contain extensive deletions, additions and substitutions relative to published Alu consensus sequences (3) . Since the copy number of all such elements, including the more numerous consensus elements, in rodent genomes is about 400,000 (Table 1 ) and the mammalian genome is estimated to consist of about 3x106 kb of DNA, they should occur about once per 8 kb of ONA and occupy about 1.8% of the total nucleotide sequence. The 1.4 kb antigen-eliciting end of HSAG-1 contains 4 such elements or 26% of the nucleotide sequence, while these figures are 3 per 1.5 kb or 25% for HSAG-2 and 2 per 1.8 kb or 33% for HSAG-5. These calculations show that HSAG-functional DNA contains such elements at about 15x the average frequency. An even better case can be made, perhaps, for their involvement in the phenomenon from results obtained with HSAG-2. This family member was not isolated by its sequence homology with HSAG-1, yet also contained a cluster of diverged Alu-like elements; this cluster was found in the 1.5 kb antigen-eliciting portion. Further members of the HSAG family isolated from a CLL genomic library also contained numerous Alu-like elements.
Can any cluster of Alu-like elements elicit antigen by transfection of mammalian cells and thus be considered as a member of the HSAG family? In the case of HSAG-1, it seems necessary that they be included in a nucleotide sequence of critical length, i.e. greater than about 1 kb (3). Similarly, small pieces of about this length were found to be functional for HSAG-2 [ Fig.  6 ) and for HSAG-5 [ preliminary results show that the antigen-eliciting function of this element resides in its left hand 1.8 kb (Fig. 7) ]. As this portion of HSAG-1 is transcriptionally active producing transcripts of 1 kb and longer (Chamberlain et al., in preparation), it seems possible that the length requirement is due to a requirement for transcription. Our current evidence thus favours the view that the HSAG family consists of clusters of Alu elements of a critical length where the length perhaps reflects a necessity for transcription.
The present results bear directly on the question of mechanism. The antigen is a protein or glycoprotein of molecular weight 14.00U to 20,000 (1) . The fact that various functional HSAG family members have widely divergent restriction maps (Fig. 5 ) makes it extremely unlikely that they could code for a single protein or even a family of related proteins. The question of their possible coding for a group of basically unrelated proteins with a common antigenic site can be addressed by comparative conceptual translation of nucleotide sequences, the subject of a further paper in this series (Beitel et al., in preparation). The present results, at least, favour the hypothesis that these clusters of Alu-related elements do not code directly for the antigen, which implies an indirect mechanism such as the induction of a host cell gene to produce it. A possible role for middle repetitive elements as regulators of families of genes was predicted by Davidson et al. (11) , and recent results in two different systems supports these predictions (12, 13) . Experiments are in progress to provide direct evidence for an indirect mechanism and to investigate the range of phenotypic changes produced in cells by activation of HSAG elements. From the results established in this paper, however, these investigations must accomodate the fact that the HSAG functional family consists of clusters of Alu-like elements.
